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Although a range of animal taxa
preferentially use one eye for
particular tasks [1–3] little is
known about laterality in other
sensory modalities, particularly in
non-terrestrial vertebrates [4].
Several species, including fish,
have been shown to preferentially
use one eye over the other for
specific tasks. For example,
some fish use their left eye — and
hence the right hemisphere of
their brain — when observing
social stimuli [5], but they use
their right eye and left
hemisphere when encountering
novel objects [6]. Fish also have a
mechanosensory organ at their
disposal, the lateral line organ
(LLO), which allows for detection
of water movements. Here, we
show that a similar lateral bias to
novel objects occurs in blind
Mexican cave fish (Astyanax
fasciatus), which exhibit a clear
preference for using the right
sided LLO. This preference
wanes once the fish are familiar
with the landmark. Similar to
vision, the lateralised use of the
right LLO can be related to use of
the left hemisphere of the brain in
fish, because the neurones
associated with the lateral line
course bilaterally from the
hindbrain nucleus to the midbrain
with contralateral predominance
[7]. Thus, our results show
behavioural laterality in a non-
visual sense.
As eye formation in blind
Mexican cave fish arrests early
during development, these fish
have no access to visual cues.
However, they are able to
navigate effectively using their
LLO by detecting perturbations in
the flow field, which is generated
around the fish as it moves
through the water [8]. We,
therefore, wondered whether
behavioural lateralization exists in
the LLO.
In the first experiment (see
supplemental data for details),
individual cave fish were
introduced into a square arena
that contained a novel plastic
landmark at the centre of one of
the walls. We recorded the
number of times that each fish
passed the landmark using its
left or right flank during the first
30 min of exposure to the
landmark. Swimming speed was
also recorded during this period
using an automated tracking
device [9]. The fish were left in
the experimental arena over night
to allow them to become familiar
with the tank. The following day,
LLO side preference and
swimming speed in each fish
were recorded as before.
Familiarity with the environment
can be measured in Mexican
cave fish by monitoring
swimming speed; in a familiar
environment these fish swim
more slowly [10]. On day 1, we
Figure 1. Preferential use of the right side lateral line in blind Mexican cave fish.
(A) Percentage preference, calculated using a mean of the side preferences for all indi-
viduals, when passing the landmark with the right LLO on days one and two ± SE. The
dashed line shows the expected percentage if the fish showed no preference. One-
sample t-tests after arcsine transformation between percentage preference of each fish
and the null hypothesis (no preference) show that the fish prefer to use their right LLO
when encountering a novel landmark on day 1 (t = 2.76; n = 20; p = 0.013), but that this
preference has disappeared by day 2 when the landmark is no longer novel (t = 1.23;
n = 20; p = 0.23). A paired t-test after arcsine transformation between the percentage
preference for the right side on days one and two strengthens this conclusion (t = 2.59;
n = 20; p = 0.018). (B) Percentage preference, calculated using a mean of the prefer-
ences for all individuals, for passing the landmark with the right LLO (column 1) or in an
anticlockwise swimming direction (column 2) ± SE. The dashed line shows the expected
number if the fish showed no preference for side or direction. One-way t-tests after
arcsine transformation between percentage preference of each fish and the null hypoth-
esis (no preference) show that the fish prefer to use their right LLO when encountering
a novel landmark (t = 2.65; n = 20; p = 0.016), but that there is no preference for swim-
ming direction (t = 0.15; n = 20; p = 0.88). (C) Mean speed of the twenty fish recorded in
a 30 min period at day one and two. A paired t-test shows that the fishes’ speed is sig-
nificantly slower on day two and hence they have learnt their environment within the 24
h period (t = 2.48; n = 20; p = 0.023). (D) The annular arena used in experiment two. ‘a’
represents the central holding area; ‘b’ is the annular arena through which the fish were
free to swim; ‘c’ is the landmark placed either in position 1 or 2.
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observed a preference for
swimming past the landmark
using the right LLO, but this
preference disappeared on day
2, when fish were found to swim
at a slow, steady speed,
indicating familiarity (Figure
1A,C). These results reveal a
lateralization of the LLO in
response to novelty. The loss of
the right-side preference after
familiarisation with the
environment is similar to the
lateralized visual response to
predators seen in Giardinus fish.
Once habituated to a model
predator their lateralized
response also wanes [11].
A second experiment was
designed to determine the level
at which the lateralization is
occurring. If lateralization
occurred at the motor level, i.e. a
bias in swimming direction, this
would result in the fish tending to
swim preferentially in an
anticlockwise direction, as
predicted by the results of
experiment 1. Alternatively, if the
fish are lateralized at a sensory
level, we would expect them to
change their swimming direction
to allow them to approach a
novel object with their right flank.
A further twenty individual fish
were presented with a novel
landmark on either the inner or
the outer wall of an annular arena
(outer diameter 29cm, inner
diameter 11.5cm; Figure 1D) and
were observed until they had
passed the landmark 30 times. If
the fish had a preferred
swimming direction, this direction
would be maintained regardless
of whether the landmark was
placed on the inner or the outer
wall. If however, they had a
preference for passing the
landmark with the right LLO, then
they should swim clockwise
when the landmark was
positioned on the inner surface,
and anticlockwise when the
landmark was placed on the
outer wall. The results show that
the fish preferentially swim past
the landmark with their right LLO,
and that there is no preference
for swimming in a particular
direction (Figure 1B).
The observed preference for
the right side is intriguing,
because seeing fish often show a
right-eye bias when approaching
novel objects or other stimuli that
evoke an emotive reaction. This
response is associated with the
left cerebral hemisphere [12]. As
with the visual system,
information from the LLO is
predominantly processed in the
contralateral hemisphere, hence
the right LLO is associated with
processing in the left cerebral
hemisphere and vice versa. Little
is known about laterality of non-
visual sensory modalities and to
our knowledge this is the first
description of lateralization of the
LLO. Given the independence of
visual and lateral line sensory
systems, this provides evidence
that lateralization is a deep-
seated phenomenon.
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